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@ Method for clarifying and stabilizing call-culture media. 

@ A method is provided tor simultaneously clarifying and 
stabilizing a liquid cell culture medium comprising desired 
oroduct. e.g. antibiotic, protein or carbohydrate, and one or 
more of (i) biological cells and/ or call debris, (H) spent nutrients, 
and (iii) contaminating water-soluble haze- and/or color-gener- 
ating proteinaceous materials, the method enabling a reduction 
of further purifying operations, increased yiekt o' product, and 
significant savings in time and expense, when compared to 
known procedures. 

The method comprises contacting the cell culture medium 
with paniculate, polymeric adsorbent having a particle size of 
0.01 to 200 micrometers, optionally in combination w4h 
water-soluble polymer. 
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Description 

METHOD FOR CLARIFYING AND STABILIZING CELL-CULTURE MEDIA 

This invention is concerned with a method for simultaneously clarifying and stabilizing liquid, cell-culture 
media such as fermentation broths. 

$ m the tong history of microbiology, many substances have been produced by fermentation. Antfetottes. 
proteins, organic adds, alcohols, and other carbohydrates to say nothing of wines and beers, have been 
produced in this way. In these fermentations, a Carefully selected microorganism is grown In a squid mecfium 
containing the proper nutrients. The product is then harvested by separating the liquid portion of the medium, 
which contains the product, from the soBd matter which is mostly cells, cell debris and spent nutrients. Thte 

W separation has usually been carried out by centrtfugation or filtration. 

The needs of commerce usuaity dictate that the supernatant Hquid or filtrate be clear. Frequently, however, 
the cell-culture medium contains (or the organisms produce) a contaminating proteinaceous or other material 
which generates haze and/or cojor In the product-containing liquid, either on filtering, on later standing or 
during subsequent processing??©! commercial acceptability of the product, such hazy material and/or color 

15 bodies, or generators thereof, must ordinarily be removed and the medium stabilized against further color 
and/or haze generation. This has been done by one or more 'polishing* steps, such as coagulation with 
calcium chloride. However, such 'polishing" steps are time consuming, expensive and often result in 
substantial product loss due to tight binding of product in a gelatinous precipitate. 
In this specification, the expression "cell-culture medium" means the fermentation broth, i.e.. the liquid 

20 medium, in which microorganisms are grown, or filtrates or liquid fractions of broths, including or excluding 
cells.' as well as c**U debris and other material resulting from lysis, if practiced. 

We have surprisingly found that a liquid. ceH-culture medium containing one or more Of (0 biological cells 
and/or cell debris, (ii) spent nutrients and (IH) contaminating water-soluble haze- and/or color-generating 
proteinaceous materials or nucleic acids can be simultaneously clarified and stabilized to give a clear, color- 

25 and/or haze-tree liquid product. These benefits are achieved by treating the medium with a particulate 
polymeric adsorbent either alone or in conjunction with a water-soluble polymeric adsorbent. This enables a 
reduction of further purifying operations, increased yield of product, and significant savings in time and 
expense to be achieved when compared to known procedures. 
According to the present invention there is provided a method for simultaneously clarifying and stabilizing a 

30 liquid, cell-culture medium comprising desired product and one or more of (i) biological cells and/or cell 
debris, (ii) spent nutrients, and (iii) contaminating water-soluble haze- and/or color-generating proteinaceous 
materials, characterized in that the method comprises:- 

( 1 ) contacting the cell-culture medium with an effective amount of: 

(a) particulate, polymeric adsorbent having a particle diameter of 001 to 200 micrometers: or 
35 (b) particulate polymeric adsorbent having a particle diameter of 0.1 to 200 micrometers, end 

water-soluble polymer; 

(2) separating solids from the material obtained from step (i) to give a ctear. haze-free, liqmd containing 
the desired product. 

The paniculate polymeric adsorbent used in the method of the invention can be any particulate polymeric 
40 substance capable of adsorbing the haze- and/or color-generating materials and retaining them during th 

U subsequent liqjid-solid separation step, illustrative are positively charged polymeric substances such asl 
an»on-exchange resins. These materials bind or otherwise hold the color- and/ or haze -generators by chemical! 
or electrostatic means. Other useful particulate polymeric adsorbents include ion exchange resin precursors | 
(preferably crossltnked but also including water-insoluble, uncrosslinked materials) and other adsorbents 
45 which are uncharged (have no active functional groups) but rather hold the color- and/or haze-generators by 
hydrophobic or hydrophilic attractions, or by van der V/aals forces, biospecific or other affinity- type 
interactions. 

By combination of a water-soluble, functional polymeric material, such as sn acrylic polymer, with the 
water-insoluble, charged or uncharged polymeric adsorbent, the efficiency of removal of the haze- and/or 

50 color -gene<ating substances may be greatly improved. Thus, tor example, tne same overall effect may be 
obtained when using 2000 ppm of insoluble (particulate), chargeo polymeric adsorbent alone as is obtained 
when using about 1200 ppm of the same adsorbent* combined with about 30 ppm of water-soluble acrylic 
polymer (e.g. 65 wt.Qfc methacrylic acid/3ft wt.Q* ethyl acryfato). The functional group of the acrylic polymer 
generally has one or more of hydroxyl. carboxyl. amino or amide functional groups. Typical of monomers 

$5 having such functionality are amides such as acrytamlde. methacrytamide. N-methylolacrylamide. N*monoaiky1 
and N-diatkyl acrylamides: tertiary amino compounds such as dlalkytaminoalkyt acrylates and methacrytates 
such as dimethylaminoethyl methacrylatc. and hydroxyalkyi acrylates and methacrylates such as bydroxyethyt 
acrylate. Such monomers are usually copolymerized with other acrylic monomers, including the various alky! 
acrylates. alkyt methacrylates. acrylic acid and methacrylic acid. 

60 The particle size f the particulate polymeric adsorbent is largely a practical matter. If the particles are too 
small, they tend to clog filters and slow the liltrotl n process: if they are too large, there will be incomplete 
capture of the haze/color-generators, in the case of polymeric adsorbents having an ion exchange functions 
group, and useful in th* process of the present invention, the particle size is preferably 0.0 1 to 50 micrometers. 
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or more preferably OAS to 2 micrometers. UnfuncltonaKzed polymers which attach to adsorbed materials by 
hydrophobic/riydrophtfc bonding may have particle diameters of 0.01 to 50 micrometers, but particles havtno 
diameters of O05 to 5 micrometers are preferred. In the case of irregularly shaped particles (e.g.. ground 
resins), the above-mentioned particle diameters are. tor the purposes of this Invention, assumed to refer to the 
longest Dimensions of the particles. 5 

As kxficated above, the particulate, polymeric adsorbents useful In the method of this invention preferably 
are crosslinked and. in the case of functionaJized polymers, preferably are uniformly functionattzed. as 
conventional for materials available heretofore In the Ion exchange field. However, water- Insoluble, 
uncrosslinked or pwtiafty functionalized materials may also be suitable. For example, Ion exchange polymer 
particles functionattzed with an ionogenlc group near the particle surface, e.g. a monolayer of Ion exchange to 
groups about the periphery of the bead, are useful. Lightly crosslinked or surface-crossJinked beads having 
low water solubility are also effective. 

The particular type of resin adsorbent to be used is dictated by the nature of the material to be removed, for 
example haze- and/or cotor-oenerattng material and can be readily selected by one skBIed In this art using 
well-known principles of ion exchange chemistry, based on routine determinations of functionality and charge IS 
density of material to be removed by the treatment. Of course, one must use care to select a resin which, while 
removing the materials, e.g. haze/color-generators, win not substantially bind the desired product. 

Depending on the material to be removed, the Ion exchange resin may be a single resin containing anion 
exchange functionality, a single resin containing both anionic and calionic functionality (amphoteric resin), or 
may be a mixed, hybrid, chelating or composite resin having anionic or both anionic and cationic exchange SO 
character. Furthermore, both gel and macroreticuter resins ©re useful, although the macroreticuiar resins are 
preferred because of their high porosity and the consequent greater opportunity for adsorbing impurities from 
the culture media as web is exchanging with ionic species which may be contributing to haze and/or color in 
the media. Ion exchange resins and other particulate polymeric adsorbents may be used as beads, ground 
material, powders, or other particulate form. If desired, Ireatment with a positively charged adsorbent may be 2$ 
followed by treatment with a negatively charged adsorbent. 

Ion exchange resins useful in the invention include the macroreticuiar vinyl aromatic or acrylic resin 
adsorbents and exchangers described in US-A-3.037.052. 3.637,535, 3.843.566. 3.791.866. 3.275,548 and 
3,357,158, the hybrid resins described in US*A-3.991.017. the composite resins described in US-A-3.645.922 
and the amphoteric resins described in US-A-4.202,737. The disclosures of these patents are incorporated 30 
herein by reference. 

As is well known, particulate ion exchange resins may be prepared by first forming a crosslinked copolymer 
matrix (usually by suspension polymerization but alternatively by emulsion polymerization as in US- 
A~4.380.590) and then functionalizing the copolymer particles to provide the requisite ion exchange capacity. 
In such manner, individual weakly or strongly basic ion exchange resins may be prepared, and then used, in the 35 
present invention, singly or in admixture, with or without water-soluble, polymeric adsorbent. 

The particulate, polymeric adsorbents preferred for use in the invention are those described in 
US-A-4.200.695 to Chpng. Isacoff and Neely, 4.359,537 to Chong, and 4.537.683 to Isacoff and Neely. The 
disclosures of these patents are incorporated herein by reference. The polymeric adsorbents of the foregoing 
patents are. generally speaking, ton exchange resins composed of crosslinked polymers in the shape of 40 
spherical beads, produced by emulsion polymerization. These resins have the small particle size preferred for 
use in this invention and bear about 0.1 to 1.5 functional groups per monomer unit, defining ion exchange 
capacity (charge densty). which groups can be strongly basic (e.g. quaternary ammonium groups), or weakly 
basic (e.g. tertiary amine groups). Ion exchange resins having other functional groups and ion exchange 
capacities can also be used. 45 

The fiquid medium in which microorganisms are grown may be conventional and may contain nutrients 
which supply sources of carbon and nitrogen, as well as the various salts and accessory factors needed for 
vigorous growth and fermentation. The pH is conveniently adjusted to a range best suited for maximum growth 
and production. The medium may also contain, either before fermentation begins or afterward, material which 
generates haze and/or color. 60 

This medium can be inoculated with a culture of the desired organism, tor example, a fungus, yeast or 
bacterium, and thon incubated at a suitable temperature, under aerobic or anaerobic conditions as necessary, 
until the fermentation is complete. It the desired product is Intracellular, the microbial celts must be tysed to 
release it. The procedure may also be applied with obvious modifications, to other processes, as tor example 
continuous fermentation, which will be apparent to those skilled in the art. 55 

The method of the invention may then be performed, but can be performed on fractions or portions of the 
medium, including supernatant* obtained by preliminary separation processes. 

The polymeric adsorbent is added to th* liquid medium, whinh in thnn stirred or otherwise agitated for a 
suitable period, e.g. for about 5 to 30 minutes. The amount of adsorbent used is again a practical matter: if too 
much is used, the medium becomes thick and hard to manage; if too little Is used, there is an insufficient haze* 60 
and/or color-eliminating and stabilizing effect. Ordinarily from about 0.01 to about 10 weight Q/b. per volume of 
liquid cell-culture medium, e.g. broth, will give satisfactory results, but other amounts and proportions may be 
used. 

The cell-culture, medium solids and liquid are then separated, ordinarily by filtration and/or centrifugation. 
The resulting filtrate/supernatant Uquid is a dear, essentially colorless and haze-free liquid containing the 65 
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product. 

Although the foregoing describes tho method of the Invention used with microbial cultures, It le to be 
understood that it can also be used with the same or equivalent effects on liquors btelned by the culture of 
animal or ther plant celts. 

5 The present invention will now be further Kustreted by way f the f Uowing examples which ere for 
illustrative purposes only and are not to be construed as imposing any limitation on the scope of the invention. 

In the Examples, all pans and percentages are by weight unless otherwise specified, and the polymeric 
adsorbent samples used have the compositions given in Table 1. Sample D (a cation exchanger) being 
included for comparison with the adsorbents of the invention: 

10 

Table 1 

Adsorbent Sample 

A. Quaternary amine functlonallzed. styrene/divinylbenzene geBuier copolymer, containing 1Mb 
15 dMnylbenzene crosslinker. Anion Exchange Capacity (AEC) - 3,8 meq/g dry; particle diameter - 0.22 

± 0J02 micrometer. 

B. Stymne/dlvirrytberaene/amir»atkyl methacrylate geiiuiar copolymer, containing Wo dlvinytberaene 
crosslinker and In which the tertiary amine functionality has been quaternixed. AEC - 2.8 meq/g dry; 
particle diameter - 0.11 ± 0.02 micrometer. 

20 C. Styrene/divinylberwene/arrxnoalkyl methacrylate geiiuiar copolymer, containing Wb dMnylbenzene 

crosslinker and having tertiary amine functionality. AEC - 3.3 meq/g dry: particle diameter - 0.09 ± 
0.02 micrometer. 

D. Sulfonic acid functionallzed, styrene/divinylbenzene geiiuiar copolymer, containing 7.3Ato dMnylben- 
zene crosslinker Cation exchange capacity (CEC) - 5-1 meq/g dry: particle diameter - 0.26 ± 0.02 

25 micrometer 

E. High molecular weight, water-soluble polyacrylamide anionic polymer marketed as Polymer LT 27 by 
Allied Colloids. 

F. Anionic water-soluble polymer prepared from 65 wt.<Vb methacryfic acid and 3S wt.Vo ethyl acrylate. 

G. Quaternary amine functionaJized. styrene/divinylbenzene macroreticular resin ground to an average 
JO particle size of 1 micrometer. 

EXAMPLE 1 

An overnight culture of Saccharomyces cerevisiae (Baker's Yeast) w as thoroughly mixed with 0.1 (Ma, based 
on the weight of the culture, of Sample A. To this mixture was aaoea 0.l<*b, based on the weight of the culture, 
35 of Sample D and the vessel inverted. A floe formed immediately and the yeast cells settled rapidly to the 
bottom of the vessel. The cells retained viability as determined by the continued evolution of gas from the cell 
pellet, formed upon settling of the floe, and the supernatant was free of haze and essentially colorless. 

EXAMPLE 2 

40 Separately. 2Vo and/or 3<Wo aqueous suspensions of Saccharomyces cerevisiae (Baker's yeast) were mixed 
for one minute with 0.l<Vt> aqueous suspensions of resin Samples A to D. The suspensions were then 
centrifuged for 10 minutes at 700 x g.. with the following results: 

. Table 2 

45 " (a) The mixture of the 0.1<*> aqueous suspension of Sample A and 29/b aqueous suspension of yeast 
yielded a clear supernatant with an Increase in precipitate volume over the yeast alone. 

(b) The mixture of the 0.1% aqueous suspension of Sample B and 3% aqueous suspension of yeast 
yielded a clear supernatant with an increase in precipitate volume over the yeast alone. 

(c) The mixture of the 0'.1<tt> aqueous suspension of Sample C and 2<Vu aqueous suspension of yeast 
50 yielded a clear supernatant with an increase in precipitate volume over the yeast alone. 

(d) The mixture of the 0.1<Ve aqueous suspension of Sample D and the Wo or 3<*b aqueous yeast 
suspensions failed to yield a clear supernatant. 

This example thus demonstrates that positively charged, fine particle size ion exchange resins (Samples 
A.8.C) electrostatically tlAd to negatively charged yeast cells and provide clear supernatants whereas a 
55 negatively charged fine particle size Ion exchange resin (Sample D) does not. 

EXAMPLE 3 

To determine sedimentation rates of yeast cells with various adsorbents, a 0.5<W> aqueous suspension of 
Saccharomyces cerevis iae was prepared and 0.10,^, based on the weight of the yeast suspension, of ion 
60 exchange resin was addecf. The mixture was shaken for 20 minutes and the sedimentation volume measured 
as a function of time as shown below: 
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R sin 
Sample 

A 
B 

C 


Tablfe 3 

Maximum Sedimented 
Volume (ml.) 
10.0 
3.5 
2.5 


Time 
(min. ) 
2.5 
3.5 
11.0 


to 


The results show thst Simple A has the highest affinity for yeas! cells. The supernatants resulting from the 
mixture were haze-free and essentially colorless. 

EXAMPLE 4 

Bacillus Lichenjformla wms prepared In a broth of Wto starch. 1<¥b glucose, 1% soybean meal, 1<Vb casamino 
acids.' 6J5«Vb ammonium phosphate and 0.OW0 magnesium sulfate, the percentages being based on the weight 
of broth. After 72 hours incubation, the dry cell weight per liter was 18 g. Then 10 ml of cefi suspension was 
made to 0.1cfe wtth respect to the resin anJ shaken in test tubes and velocities, pellet volume and g btomass/g 
adsorbent resin measured. As seen in the table below, the strong base resins have the highest capacity and 
Sample A has the fastest sedimentation rate. The supernatants were haze-free and essentially colorless. 

Table 4 


13 


SO 


25 


Resin Sedimentation 
Sample Velocity (Cm/hc) 


g Biomass/ 
q resin 


Pellet 
Volume (cc) 


30 


A 
B 
C 
D 

Blank 


0.92 
0.40 
0.71 
0.61 


16.6 
17.8 

6.3 
11.5 

0 


0.48 
0.76 
0.40 
0.40 
0.36 


35 


40 


45 

EXAMPLE S 

The effect of combining particulate and water soluble adsorbents on clarification of a culture which is a 
supernatant (2CXtt) solids) containing alkaline protease extracellular enzyme was studied, as compared with 
conventional CaCJ? ffocculatlon. 

The broth treated was a 50<Vb cutture/SOAto water. To 800 ml of the 50/50 broth in 250 ml beakers was sdded 50 
the adsorbent(s). The mixtures were homogenized and then centrifuged at 1000 x g for 5 minules. Turbidity of 
the supernatant was determined at 450 nm. with tesults as follows, wherein turbidity is reported to Formaxln 
Turbidity Units (FTU) at 450 nm. 

55 
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30 


35 


40 


Tab! 5 

RESULTS AFTER CENTRI FUGATI ON 
Turbidity Floe Volume 

Adsorbents (FTU) (ml) 

(a) 30,000 ppm CaCl 2 + 
5,000 ppm NaH 2 P0 4 + 

250 ppm Sample £ 2,000 400 

(b) 2000 ppm Sample A, 

50 ppm Sample F 1,500. 300 

(c) 2000 ppm Sample A, 

500 ppm Sample D 3,500 , .,80 

(d) 750 ppm Sample A, 

20 ppm Sample F 3,000 25.0 

(e) 4000 ppm Sample A, 

200 ppm Sample F 1,000 Not measured 


(£) Blank 60,000 


AH of the supematants appeared fairly clear, but color interfered somewhat with the turbidity measurement at 
450 nm. The results show excellent settling rates and clarity (lowered turbidity) for the 2000/50 ppm dosages 
45 of Samples A and F. In run {c) there were three layers after cent rifufiat ton; a small supernatant, a large loose 
floe area, and - »ettted floe (80 ml). 

EXAMPLES 

Saccharomyces cerevtslae cells, 1 kg, were tysed by the slow addition of 2 liters of 0.12 M NH4OH 
SO containing 2 mM of ethylene diamine tetraacetlo acid. The solution was stirred for 4.5 hours at room 
temperature, after which the slurry was adjusted to pH 4.5 with 2M acetic acid. DtetQIed water was added to 
give a final volume of 7.5 liters. The solution was then stored at 4*C. To each of three 25 ml portions of tho 
lysafe in separate 50 ml centrifuge tubes were then added a resin adsorbent (Sample A being added to one 
portion. Sample B being added to a second portion, and Sample C being added to the third portion). Each 
55 mixture was shaken, allowed to stand for five minutes at 4 9 C. and then centrifuged at 4000 x g for five minutes 
al 4*C. After centrifugatlon, the supernatant was removed and its turbidity measured by absorbance at 530 
nm. The rosins gave a reduction in turbidity to 10<Vb of the control. These results indicate that the supematants 
were extremely clear, with optimum, ratios of resin to dry eel weight as follows: 

eo 
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Table 6 

Optimal Concentration Ranges for Clarification 
of Yeast Cell Debris 


Resin Sample A 
Resin Sample B 
Resin Sample C 


0.04 to 0,1 g resin/g dry cell weight 
0.01 to 0.02 g resin/g dry cell weight 
0.01 to 0,04 g resin/g dry cell weight 


10 


EXAMPLE 7 

fanexctwn o* resin samples were added to 35 ml of Aofococcus lysate In 50 ml centrifuge tubes si room 
te^^tu^tf shaken. They were then centrtfuged at 300 x gtor 5 minutes at which time the supernatant 
ww^neasured tor turbidity (by absorbance at 530 nm) and enzyme activity. Cell-tree lysates were used as 
control,. The results are set forth below from which !t can be seen that Sample A provided the greatest 
clarification (decrease In turbidity) and least effect on enzyme activity. 


15 


20 


25 


30 


35 


40 


45 


50 


55 
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Table 7 


to 


Sample 
Concentration 
(g sample/ 
g cells) 
0.00 


Turbidity of 
Supernatant 
(a.u.>< 2 > 
21.7 


Decrease in 
Turbidity 

ill 

0.0 


Enzyme 
Activity 
% 

100 


is 


90 


Sample A 
0.26 
0.4 
0.5 
0.64 


8.13 
5. '31 
6.65 
7.21 


62.5 
70.9 (1 > 
69.3 
66.8 


100 
96 
n »ri» 


{3J 
(3) 


3S 


X 


Sample B 
0. 26 
0.4 
0.5 


2.74 
2.05 
2.05 


87.4 
90.6 
90.6 


(1) 


n.m. 
n.m. 


n.m. 


(3) 
(3) 
(3) 


35 


40 


45 


Sample C 
0.26 
0.4 


(1) 


(2) 
(3) 


3.22 
1.58 
1.75 


85.2 
92.7 
91.9 


(1) 


95 
69 
n.m. 


(3) 


Optimal concentration of sample as determined by 
turbidity. 
Absorbance Units, 
Not measured* 


EXAMPLE 8 

59 The experiment of Example 7 wa9 repeated, using Flevobacterium lysate in place of Aerococcus . The results 
(below) are similar to those of Example 7. 
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Table 8 


Sample 
Concert trati n 
(g sample/ 
q cells) 
0.00 


Turbidity of 
Supernatant 
<a.u.)< 2) 
62.0 


Decrease in 
Turbidity 

LU 

0.0 


Enzyme 
Activity 
% 

100 


to 


Sample A 
0.12 
0.23 
0.35 

0.46 


61.43 
10.7 
9.1 
9.01 


1.0 
82.7 
85.3 
65.5 


(1) 


93 
90 
90 
90 


15 


20 


Sample B 
0.12 
0.23 
0.35 


31.3 
11.54 
9.71 


49.5 
81, .4 
84.3 


(1) 


n ,m » 
n « m» 
n ♦ m . 


(3) 
(3) 
(3) 


25 


30 


Sample C 
0.12 
0.23 
0.35 


12.55 
10.91 
10.00 


79.8 
82.4 
83.8 


(1) 


100 
97 
92 


Optimal concentration of sample as determined by 
turbidity. 


(2) 
(3) 


Absorbance Units. 
Not measured. 


35 


40 


45 


EXAMPLE 9 

The experiment of Example 7 was repeated, using Saccharomyces cerovisiae (Baker's Yeast) (ysato in place 
of Aerococcus. with results simitar to those of Examples 7 and 8. 
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Table 9 


Sample 
Concentration 
(g sample/ 
q cells) 
0.00 


Turbidity of 
Supernatant 
(a.u.)< 2 > 
17.3 


D creas in 
Turbidity 
(%) 
0.0 


Enzym 
Activity 
% 

100 


Sample A 
0.01 
0.02 
0.07 


8.03 
7.54 
100.6 


53.6 
56.4 


-481.5 


(1) 
(3) 


100 
n .m. 
n . nt. 


(4) 
(4) 


Sample B 
,0.005 
0.01 
0.02 
0.03 


17.5 
15.6 
17.5 
17.7 


-1.2 
9.8 

-1.2 
-2.3 


(1) 


n ,m. 
*n • m« 
n . m . 
n ♦ m. 


(4) 
(4) 
(4) 
(4) 


Sample C 
0.005 
0.01 
0.02 
0.03 


18.0 
15.0 
15.2 
16.3 


-4.0 
13.3 
12.1 
5.8 


(1) 


100 


n .m, 


n .m . 
n . m. 


(4) 
(4) 
(4) 


Optimal concentration of sample as determined by 
turbidity. 

(2) 


Absorbance Units, 
Excess resin stal 
suspended after cencr if ugation. 


i 3 > 

s Excess resin stabilized cell debris and remained 


(4) 

'Not measured. 
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^^^Brprobtem encountered In the prepar»tton of Meiate Dehydrogenase (MDH) I clarification of the 
Initial olo heart homogenate. This la partially due to the limit on the g forces btalnable within most production 
Dlants Poody clarified homogenate can lead to problems with subsequent process steps especially 
chromatography. This example Illustrates clarification of pig heart homogenate using the method f the 
me*ent £ventton. A 100-g sample of diced pig heart was blended with 100 ml Ice water in a Waring Blender at 
Kaed for 1 rrtmrteTros homogenate was centrifuged at 3,600 x g for 20 minutes at 4*C. The resulttng 
sunerratant was filtered through a cotton mesh filter to remove any large particulate matter, and was stored at 
4'Cuntll used. To four samples of pig heart homogenate were added 1000 and 5000 ppm Resin B and Resin C. 
respectively; no resin was added to a fifth, control sample: 

Sample 1 • 1,000 ppm Resin B 
Sample 2-5.000 ppm Resin B 
Sample 3 - 1,000 ppm Resin C 
Sample 4 - 5.000 ppm Resin C 

Sample 5 • Control . t . 

Following addition of the resin, the samples were centrifuged at 3.250 x g for 4 minutes, and the 
supernatant was measured for turbidity and enzyme activity. The results of those measurements are shown in 
Table 10. below. Treated samples 1. 2 and 4 showed Improved clarity compared to the control (sample 5). while 
a!! the treated samples showed a slight (2 to Wo) improvement in malato dehydrogenase activity compared to 
the control sample. 

Table 10 



Turbidity of 

Enzyme 

Sample 

Supernatant 

Activity 

No. 

at 530 nm 

(units/ral) 

1 

0.064 

470 

2 

0.066 

480 

3 

0.410 

480 

4 

0.067 

480 

5 

0.410 

460 


The enzyme activity ot the malate dehydrogenase was measured by following the oxidation ol Ihe reduced 
form of nicotinamide adenine dehydrogenase (NADH) spectrophotometrically at 340 nm during the reaction: 

oxalacetate + NADH + H* — 1-malate + NAD* 

and calculating the activity units: 

Activity (unrts/ml) » ({Absorbance Change/minutes) x assay volume x dilution factor)/(6.22 x sample 
volume). Typical values for this determination are an assay volume of 3 ml. 8 sample volume of 0.1 ml. and a 
dilution factor of 1:100. 


Dry active yeast obtained from Geniyme Biological^ Ltd. was lysed by the addition of 0.12M NH 4 OH Resin 
G was added to 10 ml ailquots of yeast lysate at concentrations ranging from 1,000 ppm to 10.000 ppm. The 
solution was mixed on a rotary mixer for 10 seconds, allowed to equilibrate for 1 minute, and mixed for an 
additional 10 seconds. The mixture was then centrifuged lor 2.5 minutes at 350 x g. The resulting supernatant 
was separated; its volume was measured and its turbidity was determined spectrophotometrically at 530 nm. 
Tha pellet f cell debris, formed upon c ntrifug tibn, was re-centrifug d for 15 minutes at 350 x g to 
completely pack the pellet. The supernatant was again collected and its volume determined. The controls used 
in this study were an untreated sample and a sample treated with 5,000 ppm Resin 9. Th se controls were 
tested simultaneously with Resin G. 

The results of this study are presented in Table 1 1 below. The optimum concentration for both Resins G and 


0244995 

Resin B was determined to be approximately 5,000 ppm. 

Table, 11 


Turbidity* 


to 


15 


so 



Resin 

Resin 

at 


Type 

Concentration 

530 nm 

1. 

Control 

0 

1.353 

2. 

Resin B 

5,000 

0.502 

3. 

Resin G 

1,000 

3.908 

4. 

Resin G 

2,500 

2.143 

5. 

Resin G 

5,000 

0.856 

6. 

Resin G 

10,000 

2.502 


25 


* Turbidity measured after first centrifugation , 
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EXAMPLE 12 

Malta** is an intracellular enzyme of yeast. The first step in its purification is cell lysis, followed by a 
clarification stop to remove cell debris; this clarification step has typlcaHy been a centrifugation. This example 
illustrates the effect of a resin of the present invention upon the rnaltase clarification step. Resin B was added 
to a sample of yeast ceil lysate at a level of 4000 ppm, based on the total lysate volume, and the mixture and a 
control sample without the resin were centrifuged at 3000 x g for 10 minutes. Maltase activity of the two 
samples was determined by spectrophotometries^ measuring their hydrolysis of p-nitrophenylglucoside. The 
protein content of the samples was determined using the Lowry assay, and carbohydrate was determined 
using the phencl-sulfuric acid assay. The results of these tests are shown in Table 12. 
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Table 12 


Compon nt Assayed Control Treated Sample Recovery 

Maltase Activity 171 164 96% 
(units/ml) 

10 

Protein 9.7 7.4 76% 
(mg/ml) 

Specific Activity 17.6 22.1 125% * 5 

(units/mg protein) (purification) 


so 


Carbohydrate 5.0 2.1 4 2% 

(mg/ml) 

Turbidity 0.094 0.075 

(OD530nm) 

Colored Components 1.62 1.11 — & 

\\JUH 1V/V>U JO 3 Mill J 

A* may be seen from the table, adding Resin B to the sample benefitted the maltase purification in three 
ways. Contaminating norvmaitase proteins were selectively removed with the cell debris, allowing a 25<v& 30 
increase in the maltase specific activity. The carbohydrate content of the clarified lysaie was reduced by more 
than 50CK>. and the concentration of unidentified color-introducing components, which bind tightly to the 
column, and whose concentration was estimated by their absorbance at 410 nm, was reduced by 30*Vb. As the 
contaminants removed by the addition of Res'm B must normally be removed during later purification steps, 
their removal at this early stage facilitates subsequent purification of the maltase. 35 


EXAMPLE 13 

This example illustrates the removal of deoxyribonucleic acid (DNA) from solution using the polymeric 
adsorbent particles of the present invention. 

DNA from calf thymus (Sigma Chemical Co., Lot No. 105F-9530) was used to prepare a solution containing 40 
2.5 mg/ml DNA in a buffer containing 35 mM sodium acetate and 1 mM neutralized disodlum ethylenediamine 
tetracetic acid (EDTA) per liter and having 'a pH of 5.0. 

This solution was diluted with buffer to prepare a set of five solutions at each of four DNA concentrations, as 
Indicated in Table 13, below. To each set of solutions Resin B was added at the weight ratios of Resin B:ONA 
indicated in Table 13. Each solution was mixed on a vortex mixer and centrifuged. and the absorbance of the 45 
supernatant at 260 nm was determined for each. 

As the table indicates, regardless of the initial concentration of DNA, a resin concentration of four limes the 
DNA concentration removed essentially all the DNA from the solution. For resin concentrations below this 
optimum level, the higher absorbance results from remaining DNA color in the solution, and indicates that not 
all the DNA was removed. At higher resin concentrations the increase in absorbance above the minimum Is SO 
caused by residual turbidity from the excess resin. 
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Table 13 


DNA Concentration (jig/ml) 


to 


is 


20 


Re sin: DNA 
Ratio 

12 

25 

SO 

100 

Solution 

Absorbance 

at 260 

nm 

1:1 

0.5 

0.9 

1.7 

3.0 

2:1 

0.4 

0.55 

0.75 

2.1 

4:1 

0.0 

0.0 

0.0 

0.0 

6:1 

0.05 

0.05 

0.4 

0.9 

8:1 

0.1 

0.13 

0.9 

1.7 


25 


30 


35 


EXAMPLE 14 

This example, which parallels Example 13. illustrates the removal of ribonucleic acid (RNA) from solution 
using the polymeric adsorbents of the present invention. 

Three different buffer solutions were used In this example; Buffer A was the sodium ace tat b buffer of 
Example 13; Buffer B was a 50 mM per liter sodium potassium phosphate buffer having a pH of 7.8 and 
containing 1 mM per titer of neutralized EDTA; end Buffer C. which was actually unbuffered, detonized water 
containing 1 mM per liter of neutralized EOf A. 

Solutions of 2$ u,g/ml RNA in each of the three buffers were prepared, and five samples of each RNA 
solution were treated with the amounts of Resin B indicated In Table 14. below. The treated samples were 
centrifuged and the supematants were measured for absorbance at 260 nm. The results are shown in Table 14. 

As these results show, Resin B effectively removes a significant portion of the RNA present in the solutions. 
Unlike the DNA in Example 13, however, some RNA remains In the solution even at the optimum treatment 
level. 


40 


Table 14 



Resin 

Solution 

Absorbance at 

260 nm 

45 

Concentration 





(uq/ml) 

Buffer A 

Buffer B 

Buffer 

SO 

0 

0.40 

0.40 

0.40 


5 

0.40 

0.40 

0.40 


10 

0.30 

0.35 

0.50 

55 

20 

0.10 

0.25 

0. 10 


40 

0.25 

0.40 

0. 25 


GO 


65 


EXAMPLE 15 

The two preceding examples showed that Resin B c uld completely remove DNA from solution, but only 
partially remove RNA. This example illustrates that R sin B can compl tely remove ON A nd RNA from a mixed 
soluti n t 

A solution f SO ng/ml DNA in the sodium acetate buffer of Exampte 13 was prepared by diluting the 
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concentrated DNA solution of Example 13* Four solutions of RNA In the sodium acetat butter solution were 
prepared, containing 5, 25. 50 and 100 jiQ/ml, respectively. Each I these solutions was mixed with an equal 
volume of the 50 *ig/ml DNA solution, and each mixture was dMd d Into 6 samples. Each sample was treated 
with the amount of Resin B Indicated In Table 15, below; the samples wer centrffuoed at 15.000 x g for two 
minutes at room temperature, and the absorbance of the supematants were measured at 260 nm. 

As may be seen from Table 15. the removal of Hght-ebsorblng material reached a maximum with a 
concentration of 150 jig/ml of Resin B, and this concentration was independent of the amount of nucleic adds 
present. In contrast to Example 14 (RNA alone) In which some Kght-absortotaQ material remained in the 
supernatant after treatment with even the optimum amount of resin, no light absorbing material at all remained 
after treating the mixture containing both DNA and RNA with the optimum amount of resin. The 150 ng/ml 
treatment level of Resin B was observed to remove 150 jig/ml of mixed nucleic acids. 

Table 15 


Resin RNA: DNA Ratio 

Concentration 0.1 0^5 1 . 0 

( jig/ml) Absorbance at 260 nm 


0 

0.75 

1.10 

1.50 

2.20 

25 

0.75 

0.60 

1.40 

2.00 

50 

0.55 

0.50 

0.60 

1. 40 

100 

0.10 

0.20 

0.40 

0.75 

ISO 

0.00 

0.00 

0.00 

0.00 

200 

0.02 

0.04 

0.05 

0.05 


The term 'Waring* as used herein is a trademark which may be registered in some or all of the designated 
states. 


Claims 

1. A method tor simultaneously clarifying and stabilizing a liquid, cell-culture medium comprising 
desired product and one or more of (i) biological colts and/or cell debris, (ii) spent nutrients, and (iii) 
contaminating water-soluble haze- and/or color-generating protelnaceous materials, characterized in 
that the method comprises;- 

(1) contacting the celUculture medium with an effective amount of: 

(a) particulate, polymeric adsorbent having a particle diameter of 0.01 to 200 micrometers; or 

(b) particulate, polymeric adsorbent having a particle diameter of 0.01 to 200 micrometers, 
and water-soluble polymer: 

(2) separating solids from the material obtained from step (1) to give a clear, haze-free, liquid 
containing the desired product 

2. A method as claimed in claim 1, wherein the liquid cell-culture medium is aqueous and the particulate, 
polymeric adsorbent is water-insoluble or substantially water-insoJuble. 

3. A method as claimed In claim 1 or claim 2. wherein the liquid, ceii-cuituro modium comprises 
microbial celts and/or cell debris. 

4. A method as claimed in any preceding claim, wherein the desired product comprises antibiotic, 
protein or carbohydrate. 

5. A method as claimed in any preceding claim, wherein the liquid, cell-culture medium comprises cells 
and/or ceH debris of fungus, yeast or bacterium. 

6. A method as claimed in any preceding claim, wherein the liquid, cell-culture medium comprises 
fysate. 

7. A method as claimed in any preceding claim, wherein the particulate polymeric adsorbent comprises 
anion exchange resin. 

8. A method as claimed in claim 7. wherein the anion exchange resin comprises approximately spherical 
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beads of crosslink*! polymer bearing 0. 1 to 1 .5 functional groups per monomer unit. 

9. A method as claimed m claim 7 or claim 8. wherein the anion exchange resin comprises trongly 
basic and/or weakly basic anion exchange resin. 

10. A method as claimed in any preceding claim, wherein the water-soluble polymer comprts s acrylic 

5 P vTvL of paniculate, polymeric adsorbent for simultaneously clarifying and stabilizing a"<juW, 

cell-culture medium comprising desired product and one or more of (I) biological cells and/or cell debris, 
(ii) spent nutrients, and Qtt) contaminating water-soluble haze- and/or color-generating protemaceous 
materials, characterized in thal:- 

t0 i) the ceB-cuiture medium is contacted with an effective amount of: 

(a) particulate, polymeric adsorbent having a particle diameter of 0.01 to 200 micrometers ; or 
lb) particulate, polymeric adsorbent having a particle diameter of 0.01 to 200 micrometers, 
and water-soluble polymer; and 
2) separating solids from the material obtained from step (!) to give a clear, haze-free. Hquw 
75 containing the desired product. 
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